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Figure	  5:	  	  Time	  Series	  Ozone	  (red)	  and	  NO2	  (blue)	  Detroit	  
June	  25-‐29,2012	  

Figure	  6:	  	  OMI	  
Tropospheric	  Column	  

NO2	  	  
June	  25,	  2012	  	  

Figure	  8:	  	  OMI	  
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Figure	  7:	  	  OMI	  
Tropospheric	  
Column	  NO2	  	  
June	  27,	  2012	  	  

Introduc&on	  
	  
	  
	  
	  
	  
	  
Ozone	   is	   formed	   in	   the	  presence	  of	   sunlight	  when	  hydrocarbons	   react	  with	  
nitrogen	   dioxide	   (NO2).	   	   The	   chemical	   formulas	   NO2+hƴ→NO+O,	   and	   O
+O2→O3	   show	   the	   forma&on	   of	   ozone	   given	   nitrogen	   dioxide	   and	   sunlight.	  	  
The	   chemical	   formula	   NO+O3→NO2+O2	   shows	   the	   chemical	   reac&on	   that	  
destroys	  ozone.	   	  During	  the	  night	  when	  there	  is	  no	  photolysis	  NO2	  increases,	  
then	  with	   the	  presence	  of	   sunlight	  O3	  concentra&ons	   increase	   resul&ng	   in	  a	  
cyclic	  inverse	  rela&onship(see	  Figure	  8).	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Figure	   3	   shows	   that	   in	   2012	   Michigan	   had	   an	   unprecedented	   number	   of	  
ozone	   ac&on	   days4.	   	   	   Ozone	   Ac&on	   Days	   occur	   when	   the	   air	   quan&ty	   is	  
forecasted	   to	   be	   unhealthy	   (see	   Figure	   4	   for	   ozone	   concentra&ons).	   	   Air	  
quality	  in	  Michigan	  was	  studied	  in	  depth	  over	  a	  forested	  part	  of	  the	  northern	  
lower	   peninsula	   by	   PROPHET	   (The	   Program	   for	   Research	   on	   Oxidants:	  
Photochemistry,	   Emissions,	   and	   Transport).	   	   Part	   of	   PROPHET	   indicated	   a	  
correla&on	  of	  clean	  air	  coming	  from	  the	  north	  and	  polluted	  air	  masses	  coming	  
from	  the	  south3.  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

 

Ozone,	   which	   has	   the	   chemical	   form	   O3,	   is	   a	  
greenhouse	   gas	   and	   a	   health	   hazard	   to	   sensi&ve	  
popula&ons	   which	   include	   children,	   people	   with	   lung	  
disease	   or	   asthma5.	   Studies	   from	   the	   last	   few	   years	  
have	   shown	   a	   correla&on	   of	   high	   ozone	   levels	  	  
(regardless	  of	  other	  pollutants)	  with	  inflamma&on	  and	  
heart	  rhythm	  disturbances2.	  	  	  	  
	  
	  
	  
 

The	   lower	   peninsula	   of	  Michigan	   has	   a	  
variety	   of	   ozone	   levels	   that	   do	   not	  
necessarily	   follow	   expecta&ons	   for	  
urban	   compared	   to	   rural	   areas	   (see	  
Figure	   2).	   	   	   As	   shown	   in	   Figure	   2,	   the	  
ozone	   in	   Michigan	   had	   the	   highest	  
concentra&ons	   in	   southern	   Michigan	  
according	   to	   a	   1979-‐2005	   climatology	  
study.	   	   Tradi&onally,	   urban	   areas	   have	  
higher	  levels	  of	  NO2.	   	  Michigan	  has	  only	  
small	   ci&es	   in	   the	   areas	   of	   greatest	  
ozone	  concentra&ons. 
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To	  inves&gate	  ozone	  levels	  across	  the	  state,	  
ground	   sta&on	   data	   was	   collected.	   	   Nine	  
ground	   sta&ons	   were	   chosen:	   Frankfort,	  
Houghton	   Lake,	   Harbor	   Beach,	   Holland,	  
Lansing,	   Port	   Huron,	   Coloma,	   Tecumseh,	  
and	  Detroit.	  Ground	  sta&on	  data	  of	  O3	  and	  
NO2	  were	  analyzed	   to	  see	  where	   there	   is	  a	  
build	   up	   ozone	   or	   where	   the	   inverse	  
rela&onship	   does	   not	   follow	   the	   normal	  
daily	  &me	  scale.	  Aaer	  iden&fying	  interes&ng	  
events	   then	   trajectories	   were	   used	   for	   	   a	  
correla&on	   between	   air	   mass,	   movement	  
and	   ozone	   concentra&on	   movement.	  	  
Satellite	   data	   was	   analyzed	   to	   see	   the	  
overall	  ozone	  and	  NO2	  concentra&ons.	  	  	  
 

Michigan	  Ground	  StaYon	  
LocaYons	  (1-‐Frankfort,	  2-‐
Houghton	  Lake,	  3-‐	  Harbor	  
Beach,	  4-‐Holland,	  5-‐Lansing,	  
6-‐	  Port	  Huron,	  7-‐Coloma,	  8-‐

Tecumseh,	  9-‐Detroit)	  
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Michigan	  July	  2012	  
	  
Below	  are	  the	  graphs	  of	  the	  hourly	  ozone	  and	  the	  diurnal	  ozone	  for	  July	  2012	  at	  the	  nine	  sta&ons.	   	  The	  largest	  maximum	  ozone	  concentra&ons	  occur	  in	  the	  three	  western	  
small	  ci&es	  of	  Frankfort,	  Holland,	  and	  Coloma	  (blue	  lines	  in	  the	  graphs).	  	  The	  lowest	  minimum	  ozone	  concentra&ons	  occur	  in	  the	  two	  eastern	  large	  ci&es	  of	  Detroit	  and	  Port	  
Huron	  (green	  lines).	  The	  largest	  maximums	  occur	  in	  Coloma	  (southwest	  Michigan).	   	  The	  ozone	  diurnal	  graphs	  show	  that	  the	  ozone	  concentra&on	  increases	  throughout	  the	  
day	  with	  large	  maximum	  values	  for	  the	  southern	  ci&es.	  The	  diurnal	  graphs	  also	  show	  that	  the	  average	  hourly	  ozone	  is	  the	  same	  going	  horizontally	  across	  the	  state	  with	  the	  
most	  diversity	  occurring	  across	  the	  middle	  of	  Michigan.	  	  The	  three	  southern	  ci&es	  have	  similar	  averages	  and	  all	  have	  greater	  hourly	  averages	  then	  northern	  ci&es.	  	  	  

Diurnal	  Ozone	  July	  2012	  

Backward	  Trajectory	  for	  Coloma	  	  
July	  6,2012	  

Backward	  Trajectory	  for	  Coloma	  
	  July	  5,2012	  
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Student	  Involvement	  
 
 
 
 
 
 
 
 
 
Small groups of AP Physics C students (N=56) were provided time series 
graphs of NO2 and O3 for one of the nine stations (see Figure 5).  They 
investigated nighttimes when the conversion between the gasses was 
incomplete.  Students also looked for when the ozone started at zero 
then built up over the course of three days.  After identifying an 
interesting event, the students investigated the relevant satellite data and 
performed trajectories.  	  

Coloma	  Ozone	  Event	  
The	   graph	   below	   shows	   an	   ozone	   event	   that	   happened	   in	   Coloma	   on	   July	   6,	  
2012.	  	  
	  
	  
	  
	  
	  
	  
	  
Below	   are	   the	   backward	   trajectories	   for	   Coloma.	   	   The	   air	   masses	   were	  
transported	  across	  Lake	  Michigan	  from	  the	  Chicago	  area.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Below	  are	  the	  trajectories	  for	  air	  masses	  moving	  into	  Detroit	  at	  the	  same	  &me	  
period.	  	  No&ce	  the	  air	  masses	  are	  moving	  in	  from	  the	  north	  on	  July	  6,	  2012.	  	  	  
	  
	  
	  
	  
	  

Backward	  Trajectory	  	  
	  June	  28,2012	  

Backward	  Trajectory	  	  
	  June	  27,2012	  

Backward	  Trajectory	  	  
	  June	  25,2012	  

Backward	  Trajectory	  	  
	  June	  26,2012	  

Examples	  of	  Student	  Work	  
	  
Looking	  at	  the	  satellite	  data	  gave	  the	  students	  an	   	  overall	  picture	  of	  O3	  
over	   the	   state	   of	   Michigan	   (Figure	   2).	   	   The	   &me	   series	   ground	   data	  
made	   it	   possible	   for	   students	   to	   see	   the	   daily	   inverse	   rela&onship	   of	  
NO2	   and	   O3	   (Figure	   5).	   	   Figure	   5	   is	   an	   example	   of	   the	   ozone	  
concentra&ons	   increasing	   but	   not	   due	   to	   an	   increase	   in	   NO2.	   	   The	  
tropospheric	   column	  NO2	  data	  matches	  with	   the	  ground	   sta&on	  data,	  
both	   showing	   higher	   levels	   on	   June	   29,2012	   than	   on	   June	   25,2012	  
(Figures	  6,7	  and	  8).	  	  The	  students	  also	  observed	  the	  blanks	  that	  occur	  in	  
satellite	  data	  as	   the	  satellite	  passes	  over	   the	  surface	  of	   the	  Earth	  and	  
measures	  a	  strip	  of	  data	  that	  can	  be	  obscured	  by	  clouds.	   	  Trajectories	  
and	   ground	   sta&on	   data	   supported	   that	   air	   masses	   from	   the	   west	  
brought	  higher	  NO2	  and	  wind	  coming	  from	  the	  north	  brought	  clean	  air	  
masses	  into	  the	  area. 

Conclusions	  
	  

The	   ozone	   climatology	   data	   gave	   an	   overall	   picture	   of	   ozone	   for	   the	  
state	   of	   Michigan	   from	   1979-‐2005	   (see	   Figure	   2).	   This	   data	   indicated	  
that	   the	   highest	   concentra&ons	   of	   tropospheric	   ozone	   were	   in	   the	  
southern	   part	   of	   the	   state.	   	   The	   diurnal	   ozone	   graphs	   for	   the	   state	  
indicate	  maximums	  on	  the	  southwest	  side.	  	  The	  small	  southern	  western	  
city	  of	  Coloma	  had	  significant	  ozone	  events	   in	  the	  summer	  2012	  larger	  
than	   ozone	   events	   that	   occurred	   in	   the	   large	   city	   of	   Detroit	   on	   the	  
eastern	   side	   of	   the	   state.	   	   The	   events	   explored	   by	   the	   students	  
con&nued	  to	  support	  that	  clean	  air	  masses	  move	  into	  Detroit	  from	  the	  
north	  while	  dirty	  air	  masses	  move	  in	  from	  the	  west.	  	  The	  second	  year	  of	  
this	  study	  could	  include	  further	  evalua&on	  of	  specific	  events.	   	  Including	  
more	   trajectories	   and	   wind	   direc&on	   for	   the	   nine	   sta&ons	   across	   the	  
state	   for	   the	   same	   event	   to	   track	   the	   dirty	   or	   clean	   air	   masses	   and	  
possible	  point	  of	  origin.	  	  	  
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